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Abstract 




Immediately after stacking of a barrier layer formed of GaAsP of a multiple-strain quantum well active layer 105 at a growth 
temperature of 650 C. t a second upper guide layer 126 formed of AIGaAs is stacked. This second upper guide layer 126 is grown 
while the temperature is kept at 650 C, which is a growth temperature suitable for P-based layers. By reducing the desorption of P 
from the barrier layer, the roughness level of the interface between the barrier layer and the second upper guide layer 126 is 
lowered to 20 or less. Thereafter, a first upper guide layer 106 is stacked. Growth temperature of this first upper guide layer 106, 
which is 650 C. at a start of the growth, is started to be increased concurrently with the growth, and gradually elevated until an end 
of the growth so as to reach 750 C. at the end of the growth 
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[f@^«l 3 GaAsffl£_Bc. 'J>-*<t1>. 

TP$:i£ts I I I -vmite<m*mftfrt>%&P&mz- 
£OPiMitlWW*»i. vmimtLrPZ 
^^■TAsS-^tf I I I -Y«Hfcfc*»¥IWfc&»&$r*A. 

±IBP 5i*JS Jtlfi A s i&Jl fc co^Sffl^ffiS if 2 OA 
J21TT$>6 CI fc £!|#gSti:-$-&¥SffcU— Oia. 
[ IS^JS 2 ] fg^JS 1 tclB®<7)^^ U— «f KKKtt 

v vc . ±i b paw t ±iba s mm t com^mit . ±i a 

Jb?5 y HSkJifBT^^-y Ymbmmzh&Zb&m 

[ff^«3 3 tt^S 1 ±fc<±2 fcffi»*m»|eU-ir 
SgBtCfclvr. ifBP^Jlti, InGaAsP. InG 
aP, GaAsPiftliAlGaInP*>^S,:tS: 

[ If 3 1 JbM 3 ov vfix*' — :>lclB$S<D 

^gjflsp— f^StciJV^T, -LfBAs^JfJi, G a A 
s. A 1 GaAs ttcl±A 1 As frbtc&ZtZmmt 

5 3 »#JS lJiI4<7)i, v,m*> — ?tciB38<o 
^«tW— i^iStc*jV>T, JiiB#F/f#LLlBP&JlT- 

£ t £*M&k -f-s^fr i— mi. 

[ M&9 6 3 «*JS 1 TbM 5 <DV v^^-OClBSS!?) 
^flsl— - t^BtCfeWC. JilB^'Ur®*<JilEP^ 

rJI*W;P55yfT*>9. _hfBJb#-r KJIiJiV 

ifBTtf-f KJTO£tCA s d fc £1#S£k f ft 

[ff*«8 3 «*«7 ^tBtt^^teu-ifiSBKfc 

V>T . JilB#FJlfe ilXJilByN-'J TJ1*^(C I n G a A 
sPH^rO, *>-^ JiIB>KyT;ifc:}$LTV->&_tfBJL 
tf-f h'«fc«fcl/±ifiT#W KJB*9*lCA IGaAsH 

v>T. ±IB±^ H®J3<J:t^±iBT^ KJIOI I I Si 
4>OA l«fi!Ut* J 0. 2 0feLhTS)ft^i:$:^St-rft 

[st^m i o 3 ft^i i nm9 wrti&ut okib 

®£7)i|i^#V-if^g^±jV>-C. %JSiR^A«7 6 0 nm 
JiLL8 0 0 nmJjlTT3>i. i b trtmt-t&^m&ls- 

[ff*3Sll3 GaAsSHJi(:,^<i:t, > S- 



VSiTC^i: LTPSr-^tf I I I -VM^ft^M*^ 
^rl.P^Jl-CS)'). 

itOP^Jl^^-^figftiaKT'^fH^ft^-ti-ftXSi: , 

±.m.pmm<v±iz&^x. vsiTcstk uc p a 
sSr-^-tfi i i-vmiki$m i tmm*t>%&As% t mt: 

i ffi&m i 2 3 i9*3S 1 1 izMmntmfau—ifgiw. 
wwmimiz&^x . iiBAs^Jtsr^^-^i-Birtc. 

±IBP^il^llLhtC. — a±7t<±^Sc7)S(|cOAs^« 

S:_hiE^— t Jiff [si— ^asrcs? -frs £ 

t Sr^Stt-y-ft^frl^-^a^Sit^. 
im^Jl 1 3 3 1 1 ttzli 1 2^IB^^«£ 

l^—rJia^Sit^^tsv^T. JJSJfl-*>j£A&*# 
6 0 0 'CWJi 6 8 O-CfeTF-Cfc 6Ifc Sr#gi t 

[ 1 4 3 M$* *-r tit,*-- -x,z 

sm<v*mte^--rmwv>Mmxmzii i >t , jj am~ 
<0^zaJK*< 7 0 0 -ciyji 7 8 o •cuitt-J) «» £ t 
sit -r tamwcu- iia<7)i^*«. 

[ ii^^ 1 5 3 IS*^ 1 1 J^M 1 4 cOV ^ftA 1 — ->\z 

im<o^m^-^mmcom^fmiza^x . ±iep* 

Jl{±. InGaAsP. InGaP. GaAsPitfi 

a i Ga i nPT'&zzbzmmb-T&^mtei''— ?m 
a<ossg*&. 

[ft^Jl 1 6 3 mtm o{: 
^Jl«i. GaAs. A 1 GaAs 3.tzl£A I As X$>h 

z b b -r h*m&u— <nm<7>mik%m. 

[ iS^JS 1 7 3 ff^JS 1M10 cov old B 
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^^^^n^B^a^w-r-s.to-cj)*. 

[00023 

[fi£*cOgjfil 3 A 1 G a A s^^«cW— tf^a 

i7'jr (ai^^p&) tct. i^aj^t- 

tr. 5t^a^ (cod) 3 &«ie# j ^r<T?§ai^-fb * 
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[0003] tzb i.(f . Japan Journal of Applied Phy 
sics Vol. 38 (1999) pp. L387-L389&C. fe&mW)< 

GaAslt30 1iC, GaAsA' 7 7Tl302 1 
Al 0 . 63 Ga 0 . 3 7 AsT?77Hl303. I 
n 0 . 4 9Ga 0 . 5 i PTM H«3 04. In 
o. 4Ga 0 . 6 PA'iJ71305 s I n 0 . i 3 Ga 
o. 87 As 0 . 75 P 0 . 25 #FJf 3 0 6. In 
0. 4 Ga o. 6 P^'J7l307, In 0 . 4 gGa 
o. 5iPM-fKI308.Al 0 . 6 3 Ga 
0. 3 7 Asi? 5 -y H®3 0 933 it/^f-f -y 7*J13 1 
0&«I<?SIXJILT=$:£. 

[0 0 04 3 —mmz. A 1 7'J-¥^f«IfcA 1 Ga 

Asj&mbX'izmm%j8Mi&m.tfm%& . i 

nGaAs P-^G a A s PSrifti. A 1 GaAsjfcKJt 
^Tfimi&£**{£^. fit. Al 7U-¥SWS^fS 
«Lfc«fcA 1 GaAs^aSr«Jlt-^«^-»±. A 1 7 

T*>4>A1 GaAsSUB&J&ES-ti-Sie«a*£>£. 

[0005] tzztf. sg&j&gotfrBiWeA 1 7 y— 
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Sffi $ d t v ■> fc u o f & . 
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*0*NW*U~- fgiWX'te. JhlEA IGaAsIfJI 
«Wtel&ilW«S-*i: £oj£JliaJK#7 2 OCTA 0 . 
,I<Oi&«{i:A 1 7 >J— N^fWIKW LTti^fi-C&S. 
fcfc^Wf. I nGaAs PtfO^Jgi^^iajK»±*<;6 5 OX; 
£:Vvb;h.TU.g>. ioT. iil^ifcKiiV •>*.}:'&. jfcftjl 
g* { 7 2 0°CC«iP* i flMIL-^-r< . gIBaAWlS fcV> 

[0 0 08 3 -eCl-e. #f£HJI<75^S}2. fcfc;lff. Ga 

AsS^h^SS^n^PSr-S-tfA 1 7y~coP&mg 
ttJIT&Si^FiSISJI^Jb:'. ±^^i:LTP^-i- 
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h&ZbZ&WlbLX^Z. 

[0010] i&nmmx'iz. &—mwmbi±nmi£tii± 
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^«Mtinffi^S„ 
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l^ot, ±ie#®<7>^ai±*^#$^T. sag 

[0012] 1 HSfc^ffiTCti. _hlBP^« fc±l£A s 
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[0013] ±9mmcommx'ii\ iie^^tt^ai^s 

[0014] ^fc. 1 WlPWKBTIi. ±iepauiii. 

InGaAsP. InGaP. GaAsPiftliAlG 
a I n Pfrhtth* 

[0015]^^. 1 m&commxte. ±MZAsmm 

Ji. Ga A s . AlGaAsiitliAlAsK^. 

iap^iiT$>«.. 
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[0 0 18] 2*:. 1 SOlB95JWBT«. ±.m'<vTmw 

±mp%kmx'$>&. 

[0019] iM&mcmmx'it. ±t&*v rmifiiMt 

OTKot. ±teS^F#F«14Jlo*nSttflJS^ 
&mcr>t£gk&tf&W21Xi>Zblz%&. L^*>*-pT. iiF 

[oo2o]i^, 1 mmcv&mxn. ±§mwm a x 
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[ 0 0 2 2 ] . 1 Hgifr^JST'ti:. _blB#FJf <t 
l/JJR/VJTMtf&IZl nGaAsPH^l 

±ib^''J rifted Lx^z±.ii±jf'< KJifcit^JiieT 

[00233 JtfEI£&fc0^lgT'f±. _tfB#F®fc Jrtf-t 
IB/^'JTJi^fc: I n G a A s P^^S^T.. 
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0. A'O. _hiB^* U TJi# I nGaAsPA>WI(i) 
T\ ±I5A 1 GaAsK5:5i, T#-f KJI£:_hlB# 
WMbcomzl nGaAs Pa^SrSAUTSSrcfi-ffiS 

m<?>A 1 G a A s Sr^H^-frS: V> i 3 tc LT«*Se£5I 
«L3r#*£>. =*-v 'JTCO^-— A— 70- (iA 1 G a A s 
«93 g y;\'y Koi*;^- (Ec) , s<)s> 
V<r)^*)V*t— ( E v ) iz i »5+*tcJfIlMT-^ 

[0024] 1 ^fico^srti, JlIE-LjSM h'JB 
t3 J:t/JbteT^ H«0 I I IJ£4>^A l iffli£J±A<0. 
2 0teULTft&. 

[0025] JilSI^Jfi^^T'fi:. JitBi^-f KiUsJ: 
tX_hieT/«M HJfco I I I m<P<VA 1 i|fij£jt#0 . 2 0 
l;XkX*$>Z<r)X°. &=Ht7*-<S&M<r)#wmizttfZzi> 
y^v-a^N'^KcO^VU^-H (AEc) „ ^U^X 

LtZtf-oX. J: O^flSH* • • 

n mI2lt8 0 0 n mfcTTC* & . 
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h'JB. Tj!M KS. #FJffc^yTJia>4>&-S;B^#F 

mm?>mcr>? t i> — onmuvrnfimt: lx p 

&-£tfI I I -VM^WSW^ftSPIlt* 
0, ;<73P^Srm-^^agT-MS^$-li:SX^ 
fc„ ±l5P^O±tctJV^Ts V^TC^i: LtP^i 
•fAsfc-^tfl I I -VM'it'$!m¥mftfrtz*&As3(k 



[0027] ±ia^<^^«su—ifSffios?it^rS(= 

c0iiLh^^{i±feP^®c0±^«2r^$-ti:T±C ± 

ib a s m/i £ . jli e p ^<?5flg^iajgT-j> h m— 
mmtimm-<ofS.&wjg.x-f$L&zmitf}L. *co&. m 

-(Q&£;fe&tX*±lf%iJ s t>f8.g : 2-£&cr)X\ ±iZP%k 
@*^«0P^lffifgSr^LT. .hlBP^/ihilBAsifc 

mt<m^m^>^<^k^ £ £ 2 0 AJTRc£TT(f 
sitms. t/^oT, *%mz£tu£. am®. 

[0028] iit. 1 SUScOUSTJi:. JilBA s J^JB^: 
j&H£-£Sf>rfc:, ±MZPmm<Qm±l,z. -JUfc*:Ji1giSc 
«<7)S>J^A s ^*±ie^— coj£*i&Kfc (5«3 , H— «0iS 

[0029] ±IBIIJS<7>}g®Ti±, JhiBPaUltfrtE-h 
fc. — Jf*^{±^tJ10JiIBg'JOAs^JlSrJblBP^ 

^fti&JSrfe i, is— fDj&ft*&& fc (li^iBi— <7>aKT'BS; 
mhx. pzkmn&mcnmz 2 oAttTtc^ 

[0 0 30] l^tO^STti. ±IBIS— ^« 

6 0 0 ttlb 6 8 0 -Ci^TT'J) & . 

[0031] iMmffiiommizxtux. ±ibp^ji<4. 

1$Jklz£ OSU6 0 0-CJ3U16 8 0*CJ^T<7)lg— <Of& 

?>. 

[0032] ift, 1 9Etfec^lB-Ct2. ±Mm—<OS$.M 
SS*<7 0 0X:l-Xh7 8 O'CUXFX'hh. 

[0033] ±Sdmm<rmmizj:tU,f . JiIBA s^Jl 
ti, ifef|(c J; L*: 7 0 0*CJJLh7 8 0 0 CmTOlg— 

^jii:^H*>*Kii§ni.. LtzWix. nmnm. 
[0034] *^Bj<7>3t-r ArnMmmmii. ±ib 

[0035] Jife^ 4 ^^S*IB^a«i. X 0 

&tz#>. ft?4X7<omm*mk£ y )i*-mmti.xh 
f-fcomx-mztmmx-hz. u^t, *?ib^ 
ft? j xrm&Mmmwa. mzwz&x-mzisimt* 

o-CV*3tfu;w?-txW, fi£3fe03te-r-f 
x^S^fBii^J: , 9t^S^< : Sr^-C, iO^St: 

[0036] 

[^^sfio^®] (iS5fi£o»®i ) mm. Zcr>& 
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cO~C$> Z> « icO^SIflcU—ragBii. n-GaAsiS 
101ii(C. n-GaAsA'7771102, n-Al 
o. 5 Ga o. 5 AsT^77 Kill 0 3. A 1 o . 3 
5 Ga 0 . 65 As^T^HI104. Al 
o. 2 5^a 0 . 75 As»ZT^HJB124, « 
MM^#FJStt/il 0 5 x A 1 o . 2 5Ga 0 . 75 A 
sJgZLJbtfW Kill 26. A 1 o . 35 Ga 0 . 65 A 
p-A1 0 . 5 Ga 0 . 5 A 
sm—±7^v Kill 0 7i3i:i;p-GaAsX7fy 
/^hyril 0 8£JlK<£HilUt^&o ^OXyf^ 
y^Al 0 8±K:. ^IfXK^r^cDp-A 
1 0 . 5 Ga 0 . 5 AsSlI^77F1109i>J;i; 
GaAsftifl 10*Wtit«fc, _LIE^1M^b5 
^rMOp-Alo. 5Ga 0 . 5 AsSU:^77 
Kill 0 9^WGaAsSiil 1 OcOMffiJS:. n- 
Al 0 . 7 Ga 0 . 3 AsS-7*0'/^Sl 1 2, n- 
GaAsSiyPy^U 1 3*5 itfp - G a A s ^Fffl 

(iZ^ ^It:p-GaAs^7ril 1 6£|£(tT^ 

at. -ec7)^^X h^-fTgPl 2 1 aCOMiffl^^^X 
K5>f T^fflttTSPl 2 1b, 121b^tt§ 4 

[0 0 38] it-T. 02Cl*rrj;3fc:. (100)®?: 
SOn-GaAsiffil0 1±H, n-GaAsA'77 
ril 0 2 (iBffO. 5^m) , n -A 1 0 . 5 Ga 

0 . 5 AsT^7 7h'il 0 3 (ifJ?2. Oum) % A 

1 0 . 3 5 Ga 0 . 6 5 AsS-T^ Hill 04 (« 
JP4 3 nm) . A 1 0 . 2 5 Ga 0 . 75 As||~T^ 
>f KS124 (J1J92. Onm) . m^L^rVM n 

0. 2 Ga 0. 8 As 0. 6 9 P 0 . 31 SW^WFM 

(MO. 3 5%. ili?60A. 2il) i:GaAs 0 . 

72 Po. 2 e 9i5BB/<yrJi (a-i . 0%. ami 

^Jfi?5 5 A • 5 OA - 5 5A^)31) Sr^atcffiS 
LT**#«a¥#F$Stt*l 0 5. A 1 0 . 2 5 G 
a 0 . 7 5 As|g-±^ Kill 2 6 (ifi52. 0 n 
m) . Al 0 . 3 5 Ga 0 . 6 5 A s»— Jb5T>f K« 1 
0 6 (JfJ543nm) . p-Al 0 . 5 Ga 0 . 5 As 
±^9»y HI107 (ililCO. 2 3 5jLtm) . P - 
GaAsX7fy/^h77'110 8 (II30A) . 
P-A1 0 . 5 Ga 0 . 5 A s MZLJc? 7 v VM 109 
(Ml. 2jum)^c):U r GaAs^llllO («¥ 

0. 7 sum) zm}x^&!git¥9m&&m(izxm& 

[0039]^, JJB««&«ft*flWH«fti6K: J: & 

C x^riil 0 2^4>JiieT^^^Kill 0 3 

£T*#7 5 O-C-Cfc*, L"C. ±ia^-T^ Kill 
0 4^iSS(i, J««ratt«rtctt7 5 ox:tS)§^s 



K6 5 0r«£S$i*-Cfc<,> LT. 6 5 0°C(7)^ 
ffl*T\ -hfBJg— K« 1 2 4 . ±ffifi^#F*Stt 
if 1 0 5£>£T/±im^±JfJ KJ1 12 6 *J»»HM«" 
*. JlIBS— Jl#W Kill 0 6«0K*iB«tt. fftftBHtt 

75 O'Ckr^S. 

[0040] yac 7 5 o-c^^aflttr. ±iesg^Ji 

?Jv Kill 0 7. X 7 fy/Xh y^'ill 0 8. §112 
±?5**y Kill 0 9fcJ:tf«lim 1 0**aaS«L 
T. »il^&. 

[0041] $4>fci. EI2^^-J:a^. flM^lfX 
K^-frSPl 2 1 a£Jgj£-f&6fcJMC,. 

1 1 1 JXhy^T^W (Oil) -ftfaZ^XoliZ 

wrnxmaz^oimr^. 

[0 04 2] mz^ m3lZ7rrf£olz, IRuifxhv 

l/^hvx^ 111 ^xh^-frm 
2 1 aS:WfiW&. ±kx r\±m& t awMbkx 
*^is*&*3S?Kt3±V7 vm*m^xrmmxn\<K * 

•yf^^XK-yrrill O&WJL&Xfto * GaAsti7 

HKwrsrafciL'tv**. ^f-v^oassMti. 95 

jum. ^^K^^fT-Sl 2 1 a.COm±3-v^>7*h 
^r»l 0 8BLhr»2. 5/xmT*&, 
[0043]^W, H4tC^-i5tC. iie^y^V 
7Xhvy°mi 0 8& ±V«WB1 1 OJi^C. n-Al 
0 . 7 Ga 0 . 3 Aslg— ^ifl 1 2 (J1J50. 
6/im) . n-GaAs^zyo7;il 1 3 (Jflff 
0. 3^m) . p-GaAs?ffitil 1 4 (ili¥l • 

0 sum) zmvttm&mmihfSL&z-zx . ye • ma^ 

-XK^>fra5ffllD7SPl 2 1 b, l 2 1 bl^^U^ 
hVX^ 1 1 5 

[0 044 ] J^V^T. ±iiX-^XK^-f 7*351 2 1 a_b 

^ta^jsi 14. *z/Q7^ii 1 3i3it/m-^ 

D.-y^ill 1 2S:Ji y^V^C < J:0l^*^^o «IOX 7 

T^ y^^^^d. -e^. JifBl/S/'XKvx^ 1 1 
5£I&3cU p-GaAsJf^7rill6 (iliI2. 
0/xm) ^Sif^o Zco±olzl,X, HltC^tlSjt 

[0045] *ggsfi<7>^©i tfiv^ta, ±ie^«^a 

^#Fv£l£i!l 0 5cOGaAsP^^^r^±ie>N'lir^ 
«:SMIbfcK«te. A I GaAs*^*£±feJ&:iJi# 
K®1 2 6SrmilLTV^^. Z^)miL±^ VMl 

2 6«P3RJB*C3aLfc«*aflrC** 6 5 OW^tT 
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mtxftmemz 2 0 a£it<c& TTtf 5 - 

K^c^ttJti:^^. 8 5"C. 2 0 0mWn, 500 

o B$mxt£&t,zw>m-& z t tmmz tut. 

KJ: 0 . SETHIS • HSftiiifii-fl: • jeWMfctv^aWlia* 
*#fe*t SCI 

[0046]iit, 2{£^g<50^®i{c:t>v»T{i, _hfEA 
l c . 25 Ga 0 . 7 5 AsMZJiffJ Hil 2 6<7>JB 
fflciS ( 6 5 OX:) 1 GaAs<OR£^l=j:o 

Al 0 . 35 Ga 0 . 65 As^-i*MK110 6J: 
HA1 Sfttb&HKusrC, vS1£=5rA 1 ^igfKDf+Jt 
#{£fcS £ti&Zbfrtyi>±M£b fS\m%$h3ktf'& t> tit: . 
[0 047] 3|s|tSfi^®lt:tJV%Tii. -LISA 

1 G a A s frt>tc&m-T#4 Vm 1 2 4 b . _LtE£* 
^fi^FSI&Il 0 5<7)GaAsP*^^r&Jiiexy 
TJf i:<7)#®Tfi. ri«^te3Bfls6f«>Sr< . j£« 
4>Blft^rV^T, A 1 GaAsfZW K« 1 24*! 

^a i ^co$m<vttigff{&m zti& z t i>±mt m 
m^mvnhixtz. ±tz. tmx\ AioaAsii 

T#-f HS124kAl7'J ( ^HSfiTf 
#FvS14Jf 1 O 5c7)GaAs P7&>f,^^yN*'JTJl) k«0 

ii«M^s-rs^ji6fc. ±ism— T^f-f fb i o 4 

m-f&miz. j£JIMJ«£7 5 0K:a>£>6 5 0 c C'Vi:&* 
CTtfT^*. ffltfST\ A 1 GaAsSZW FJSl 
1A<7i<®&*'fio b s S^an#J: 0 t A 1 ^ig^^L 
■^•rv^^\ ®iaS;^$-y-.|.±fSA 1 o . 2 5 g a 
o . 7 5 A s^~T^ KJ1 1 2 4-Cfi, A 1 o . 3 5 
Ga 0 . 6 5 Asf-W FJBl 04J:OfeA 1 ilS 

.lie t isratsrs&jfews £*ut . 

[0 048] 4fc, ^ISSfiW^KCfeV^-CJi. G a A 
sill 0 lite, Jifgl nGaAsP*>^4EffiS 
#F®Sr#tf^a^ft^#FvSttJl 10 5 £i£ftTV^6 
fctfK «C780 nitidis I, vCigfflgfe • H^NirSr^ 

aAsg«tl0 1cOf&7-5£ia£aGaAs. #F«<0*& 
^5£$C&a 1 b^hb. (a 1-aGaAs) /aGa 

[0 04 9] S^:. 3jKSUfi^®l^*JV%Tii. 780 
nmSi LTJJE£ISM#F/l<0*fij^£^fc$-£-C,E 
SlSaS-liin^-*^^-. E8SSS3. 5%£i6S;iSfi 



ifgmZftMT&KMzli. J:fEfl6SSM#FJI<?>JEEiSJgi 

[0050] &*z. ^mmcommi^a^xtt, ±iei 

nGaAs P*^^S?l3gM^N'UrM2-ffl^T, 
£ W-T &-LfEffi8S^#FJl (C*f * WffiSSSfiSrSi® 
LX^&cOT, i9££L*:3S&£i>o£SM&^#F 
vSttS l o 5£#Sg-rsc: i: T, SifiiUft^^frr 

IE3l5iSfi#3. 5%J^-C£>S.rfcl;:J: , 3.. iOffi® 
lz±MmMktmt>tvfc. _LfE3l3ISfi£itira£-«2: 
*:*§£\ 3l3SMfi3. 5%SriSiS«JSt=t3V^Tti^ 

j^leii. ±IE?l5SM^-'Jr«0?l5gSS<i3. 5%J-M 

[0051]iit, *^rSC0^ 1 CCi5V>T<±, JhfSJH 
ZJiXf-f FJS 1 2 6 i3 it/JilET^"^^ F if 1 2 4 # 
A lGaAs*^^ jLiE^SMS^#FiS1t 
S 1 0 5fi. ±gm*M K1126, 12 4 izm~t^M 

WaAsP? mm; < y r « ( stss ) t $> & z t tc 

iO. ^BtSSn-oWti Zh I nGaAs Pffffi^#F® 

cc(±a i g a.A simmztt^z tizx-iTimmz 

W8t\-.%Wt>. *f;r<0*-A-7D-liA 1 GaA 
sfon^r^i'a ^^>-Fc7)x^;^— (Ec ) fcitf 
y^U^y^vKtOX^/Pdf— (Ev) lc± 9+#K:£P$iJ 

JB, ?5-y Kl^TI nGaP^fc^A l 7'J— & 
mt-TZ. L*>U *=^StcO^BSlT'{i. %®jg«7 8 
Onm^fiOI nGaAs P*^^rSJEffiM#F^i^^tr 
J^y^ya FcDX*/l'=3r— M (AEc),K 

HCOJC^^— ^ ( A E v ) y^±< 
ff4,<X*A lig B s H Jt*S0. 2±D^^AlGaAs 
Sr.?y-fH®124, 1 26tlt. fBHtttciM^r 
v>affl*-C^T8&firBR 0 ^M#F®ti&o*tfCKtfC^ 

±lE^M#F«i:^ F1124, 126 
tCOffllZte. A 1 7 'J— TfeSGaAs P^C0^->?I3S 

^ S . 4 fc . ±IEffi^M#Fa fc ^MMOSISS^ 'J 
TJltO^^r Al7'J-tl % ^ H1124, 104, 
1 26, 1 0 6*3J:tf^7 y Kill 0 3, 1 0 7. 10 
9^«0*MBtoJ§tiA 1 -H)-^v-» 

T*mizm&-?^m&>^JTmzA 1 ^y-tc-rs^i: 

F®<0?HBIfc:<±. A 1 S-S-tf®Sr^ : FglLT*J<^i:T 
[0052U^, *Hitco^.t|S 1 ct)¥#*U— 

(i. o-yismm (*mm — ■?mm.<r>m.mmMz&^ 

X. ±77 y vmZ.Xtf*V*Y7 4 7mkX'h'). x 
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*>ivc. T?yv vcTy-gn&x'tf^yxh^j y&vtx 
j>o. ^xvuymmizyt' mmM^m&m?x^ 

[0 0 53] 4fc. iEII&^m^fcVvty:. #F 
COO 54] 07cO^#:l/-im®3^V^T. ^SM 

a^#FStt^ 5 o 5 a<?hc?)m&Lm±. m i iz^zm 
i*u~^mscomf&t$tFi-Tfo&. Ltz&->x. mi 

[00 55] Jiie^S^S^#F«ttii 505lt 
l^In 0 , 2 Ga 0 . 8 As 0 . 69 P o. 3 l fE 

mmtwm mo. 35%. ij?6oa, 2m) tAi 

o. 35^*0. 65 AsA'»j7l (S»K1I5 
5 A • 50A • 5 5A<7)3/I) £3££fc:IE^LT&-& . 

[0056] ^(o^mm^mwv-^mm^mmi 
[0057] (mmcomm 2 ) 08^. ^^co^ss^ 

if^te. n-GaAsiR2 0 1 n-Ga 
AsA./7tI2 0 2, n — Al 0 . 5 ^a 0 . 5 As 
T^9yKJB203, Al 0 . 4 Ga 0 . 6 AsT^ 

b'«204, &mmmT#7 Ef &&m2 o 5 s a 1 0 . 4 

Ga 0 . 6 AsM>f HJB2 06. p-A 1 0 . 5 Ga 
o. 5 As$-i^77h'1207^p-GaAs 

jz*y^>-7xhvy a m2 0 8&m<xmmLx^&^ zco 

COp— A 1 o . 478 G ' a 0. 522 A S ^ZJL^ ^ 
Fl2 09fei:^GaAsftii2 1 0£l&tf&£ft 
fc. ±l£^^Xh^-f 7°^^P-A 1 o . 4 7 8 Ga 
0. 5 2 2 As$Z±;77b'1209i5i:(;GaAs 
«ii2 10<7)Sl$:, n-Ai 0 . 7 Ga 0 . 3 As 
I-7D7^I2 12, n-GaAsgZ7n 7 ;i2 
1 3:BJ:t/p-GaAs¥ffllbJf 2 1 4 #>£>5:&5£ • « 
^^i§BTiMd6&^ S^lC ^®^p-GaAs^ 
^yri2 1 6Srl5ttTV^^ 0 -^^ftix-i^S 
te. >^tXb7-i rSP 2 21a!:, -f-O^^h^-f 7° 
U22 laC7)MffiiJ^c7)^^b^>f^a5ffll^22 1 
b, 2 2 1 bi:^«, 

[0 0 58JJWC. 08i5i^9Sr#ML^^. ±IB 

[0 0 59] £i\ EI8^-rJ:d^. (100)ffiSr 
^n-GaAslK20 1±l:, n-GaAsA'77 



T12 0 2 (JIJ^O. 5/xm) , n-Al 0 . 5 Ga 
o. 5 AsT?77H1203 (Jf/52. 5/im) . A 
1 0 . 4 Ga 0 . 6 AsT^M Kif2 04 (ifi^O. 1 
/xm) , OtfL^TUI n 0 . 2686 Ga o. 7314 

AS 0 . 5544 P 0. 4 4 5 6ff^I#Fl (10. 

395%, SI80A, 2l)i:In 0 . x 7 6 Ga 

0. 824 AS o. 68 4 P 0. 3 1 6 ^131^ U Til 

{m$mfrt>mm2 1 5 a ■ 79 a - 2 1 5 a^® ) 

^5^KSLT^r^^*^fi^#Fv£ttii2 0 5. A 
1 0 . 4 Ga 0 . 6 As_h#>f F12 0 6 (110. 1 
jJLTd) „ p — A 1 o m 5 Ga 0 . 5 Asg- i^77b' 
1207 (JfilO. 235Mm) „ P -GaAsX7f 
>-^Xh^ril2 0 8 (1H30A) . P-Al 
o. 4 7 8 Ga 0 , 5 22 As ^^77h'12 0 9 
(SJSl. 28jum) . GaAsffill2 10 (J1J5 

o. 75jum> zm&^mLmfc^m&Mmzxi&g'B 

[0060] ±iB«SA«^*»Bja6«&fc:J:6 

te. ±IB^^y^rS2 0 2^7^7 7 Hif2 0 3 
^7 5 0mi». ±ETXf>f HJB2 0 4<0« 

JlfflJKte. ^^4&^i7 5 0*C-Cj)^>^. J&H<hfct> 

0X:l f zm§L^Xi5<. ZLX. 6 5 0*CO*SJI;fflJK 

#F?SttJi2 0 5£?tJiir&. ±B±#4 KB2 0 6CO 
fi£*&BMi . ^ftlflS6^(i 6 5 0 X;X'#> 0 , f&Mb 

a LT . «*»T*te 7 5 0 *cc-r £ . 

[oo6i]^:, 75 o^coj&fti&src. _LiBjg— ± 

^7*yHil207. X7fy/Xhyri2 08, SIH 
±^9-y K* 2 0 9.45 ctl/fiWm 2 1 O&IMfiL 

[00 62] Sfefcr, H^L&l^ MiS^^h^ 
^frSC2 2 1 aSrJgaf l/yAh7^^ 

(oil l^Srtoi^^Iigc 

ffiivt-KBTfrvv lyfy/x h 7 T1 2 0 8@Lb 
^"Cfif^o GaAsii:^ yB!^ct^^ 7f^l/-h# 

^-^^gli3i±2. 0 3jum, ^^Xh^>f^a5221 
a c0ifg(iOi^^>'^h^ra2 0 8BLbT'*«;2. 5/z 

[0063]iV^, ±fax^^->-^Xh'y^2 0 8 
*JilX«aJl2 1 0_htC. n-Al 0 . 7 Ga 0 . 3 A 
s^Dy^f2 1 2 (JfffO. 6/im) , n-Ga 
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AsgI7'D^®2 13 (J1J?0. 3um) . p-G 
aAs^S-ft^2 14 (mmi ■ 13um) ZM&im 

tfDfS. H>RL«r^*«. «XX&(cJ:9. -LIE* -fx h 7 
'frgPHI^'S?2 2 1 b, 2 2 1 b±lCC0^.V^h-7^. 

[0064] S^V>T. -hfE-X^Xh^ 7"SB22 1 a_L 
O^S-ft® 1 4 . IZ/O -^12 1 3 tJ i^-^D 
•y^^2 1 2Sri y^>'^(C<J: OI^STS. £<?>x-y* 

U p-GaAs^'i»ri2 16 (JfJ¥2. 0,um) 

[00653 i&m<?>&m2 iza^xit. ±M5&wmm 

■^FJSttJf 2 0 5<7)I nGaAsP*>^l,A'iJ7l 

zm®i<K:m.mz. a i caAsM^siiii^ h 

120 6£Wf LTI^S**. F«2 0 6l±P 

^JIte&LfcJ&ft}&KT'$>& 6 5 Orr^5:^5&LT 

?*fi£ §5:20 AiaTt=4TT»f * £ fc #T'£ 

#>W£k 8 5*C S 2 0 0mWtt> 5000«^ 

JiLh^jE^i&frr & £ k **6If2$ *tfc . d^Cklci: 

tvfZZkti t ft&. 

[00 66] ±3t. 2(s^Qfc^©2l=tiV>-C{i. _hf£_h 
#4 K12 0 6I1 B)c^5&^li<SiaT<7)A 1 G a A s . 
j$STft5*«. &*t^££»f iOAlGa 
As(c®t3tfig^faSTW«§ixTV^^:46, SttSrA 

[00 67] &mM<7)Bm2l,Zi5^Xl±. ±I2A 

1 G a A s frt>%Z>T#4 H12 04fc > JilS^ffiSfi 
■y#F*§teS20 5<OI nGaAsPi&^Sr&flSI^N' 
U 7* Jf k cO-^STii^^i^Br^V V7)X\ A 1 G a A 

s Aw&aa i $. Mmmxmta lt v ^ * uma^a- < * 

o T . *S1£ *r A 1 ^IW^mfcWS* 5*1 £ £ k frt> 

[0 0 68] ifc, *Slffli<0^SI2tetJV-kT«, G a A 
si«2 0 1it:. JJBI nGaAsPMWfflSi 

WT780 n mmza OTMItt ■ ft$Wr&i£ 
UJ**WWkU— F^StfUgiSii*:. 4fc. JiiEffiHlS 

[0 0 69 ] 2t^SStfO^SS2t;tJV>Ti±, 780 



ir8S*flJ«M-*>fc*>fctt, ±!Bffii?SS#F®tf>EE8iai 
fif±3. 5%WrtT'#>6.rka<SI£U">. 
[00 70] *|C|ft«)JB]R2(C&tvCf2 % JLiei 

nGaAs pa^&sgiss^y tjbsjbvvc, wtm 

LTV ^5WT, J: 0 LfctSA * i> *>*WSa-f&F 
Mfi#<3. 5%umx'ft&zti,zz.*) . i*)ifitte±E 

li. ±8Bfl5BE/N*yrai<ogi3BUB±3. 

[0071 ] *jttttf»B»2fc*iV^**- -tsS-h 

^ KW2 0 6*$JttTF^ KJf 2 0 4j6«A 1 GaAs 
*»fe=Sr 0 , tiro. ±te0fiMfi^#FvStta 2 0 511 
JLfSW#^ KI2 06, 204 tZ&?r&£tft-& I n G a 

AspgiSBB/^yrJi (PHW) x-hzatizx*). ¥t 

tm^COtSZ h I nGaAs Pffi^S#F®t-(±A 1 

GaAsttPgfS-fr=5:v^i:fc«]:->-Cfiffitt*51ffiL^: 
* t "J 7«*-^-7D-liA 1 G a A s (03 V 
^S'sVAyHoi+^f- ( Ec ) tii^AVyx 
A^KtfWC*^- < E v ) IzX V+ft&f#ffitZ>Wk 

•y FJH4T I nGaP^rfC^TA 1 7V—&mt-t 
£>. L*»L, 3|sStS6<o^!B2T{i, 5fcfS&«7 80nm 
nGaAs PA>^^ffii2#Fit»tl.3y 
/^v-aWN'yKfOX*;^- i| (AEc ) . ^nV^X 
A>K(Dl*/Wf-i ( A E v ) ifij<^-yxx<nt>ti 

«»AlS B B B Jt* J 0. 2 J:0^#V%A1 GaAs Sr. XfW 
KB 2 04 . 20 6 k L-T. «StttC^P<^^rV^3Effli 

T-urig&RB o ebbsi#f® ic je^JtrattT t * & . * 

/Ss ±iaBE^S#F®i:^ KB204, 206 to® 
A 1 7'J- rS>S I nGaAs Pi6<0?lVU:f&K 

SrAl7'J-fcU ^K12 0.4, 206fcJ;W7 
•yHJ1203, 207, 20 9^ff)^-M<^miiA 1 

*. «*a5"C*t±SEBBIK#FJifclW«-6««tA 
l z> U-Ccf *£ k3i*fflSHttfc*tLT»fc 

i.T. ±ieff^M#Fao^HKI(ci4, A 1 »-frtr«l£ff 

TBI LT *3 < £ k T* v ^flMtt^W^ii^ . 
[0072] *St»*WB»2K:*JV%TJ4. 

U— f ^S<± 'J ••/ i--ffl^5r* LT V^S B Hff§jt£* 
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[0073] ±Mmt&<?>mm 1 )iXT/2 te&WCMU 
[00 74] ttz. -LKSSSt^JB l*JitX2T{±. # 
[00753 ^, _LfBf!i*<7)JE3iB 1 *5 J:I/2T«i. 'J 

•yi*ffimcvmifcu-*mmx'$>z&. *mii±. bh 

[0076] JJEWftopWJll *Jit^2Ttt. m 
BSyo-x^Jil 1 2. 113, 2 12. 2 13*^^rS 

xi>£\>->. 

[0077] (HS6<^©3 ) 0 1 0t±, 

o i izf-yzmz&A.*:*) . mz&z.titi'f-fzw 

fcSISfiOJKB 1 O^fjcU—if^Si: H — if 

^M4 0 2S-ili.TU&. 

[0078] .TtfD^-r X^ie^W*^StCOV^T $ <b 

(i. 3U;<-h^>'X4 0 3tCj:9¥fT:JfcfcS*VT\ b* 
^4 04£jSSLfcl/- 9*3tti. A/4ti^«4 0 5T 

t> 3tv r -<-x^4 o ltaratsnx. ;^f^?4 

0 lie-?— ?tfElft£*l&. 

[0079] -:S\ BE»WUB*teli.' T-ffSftWfa 

■r-f X7 4 0 1 fclBgat&fU. . iOl/- T^v-'— *<0 
fESiS ftfc#7* < x-7 40 1 ermWT-KmZ ixX „ -r- 
^m^'cO-o^S^i:^-!,. d^S^ti, U— If* 
B8Mffl**^l'VX4 0 6, A/4<S5t«4 0 5S:S3t 
flL f-^7'j7^4 0 4TKMSnt, 9 0- ftJK 

^mmm&ftm^ a o s cAstr* . z com^mm^ 

3tf£?4 0 8l*rC\ 7JtUfcI^-1f36<0»ateJ:o-C. 

«-^i?*isie§4 o 9tz*$\yx7&&f—?wmzzti 

[0080] ±ieiSfifi<OJgBS 3 (Tiftr -i X?imW££i 



&k^mivxi>T-?<7>yLx-m*i?*smx'bh. l 
x^^r^-fexisfg**. 

«fc o-ewiic^-r^ hKr< x^fens^asrtierr 

[0081] ££Ttt. *$&HJl0¥W{frU---9'£ 

«*3C7*-r x^feifiw^iaicMfflt^j^v^TseHfl 
hmm «rigT& s .r t i±\ > o & t t> v> „ 

[0082 ] 

ffcU— f^HJi, V^7E5gfcLTPS:-irtf I I I -V&i 

p&mt . vm^mt lxpz-s 
z-TAsz&tsi 1 1 -vmit-&to**$m*t>%zAs 

&m t eiffico&WcOW. £#20 AOTT'fc & (OX. JLIB 

jjxh&t^omA*m~t&. 
[ o o 8 3 ] a*:. *9mo*mi*u--mkf)m&i> 
mt. ±MPmmcr>±t,z&\,^x . _ueas*ji*. ±ib 

ffi^LT. JblBP^«i:±ieAsmJli:^<73^®Oia 
$ £ 2 0 AJiiT^^T-Ttf T . Jiie^ffl^a 

jj%*mibu-*f3iSZimxis h. 

[ 0 0 8 4 ] 4fc. ^^Bjco^ < X^S^IBii^S 
Srfflv^T^&^-C, 3t-r-fX^coiH]teSc$-.ts!*J: , 9t.]« 

mc\^xi»?-?crm?)m%immx\ yt^ixf^co 

im i ] ^micommomm 1 m 

[02] *m*7mm<v&!& 1 *=***»*p— y« 

[03] 2t=%BBconss^si i *m 
mcomm-jjm^Trrtmmmxht . 

[04 ] #?|BJwH$£c^jg l t=^S^*U— !fg 

Boi?Jt^&*-rBfM0-es.s . 
[05] *$twcomw.<7)mm 1 cfs-s.^^u— tf^ 

[06 ] *ftmzfrfr&¥mte\s-<rmm.<n>p **tf 

[07] ^BSO^Sfi^^ffi 1 CfS 6 U—f^ 
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[mi o] ^ftwcomtzv&mstegik&ftT < 
[mil] m&n^mftu-^mmcommm'chz. 

101, 201 set 

20 2 ^v7tM 
20 3 T?^yKJf 

2 0 5, 505 ^S^S:^#FvSttS 
»— -L#-f Hit 



102, 
103, 
1 04 
10 5, 
10 6 
107, 
1 08, 
109, 
110, 



2 07 ^i^7 7h'l 

2 08 X7f>/Xb771 

20 9 SilZLh^v K« 

2 i o mam 



112, 2 12 

113, 2 13 

114, 2 14 
116, 2 16 



121a, 221a ^^h^^rgB 

12 1b, 22 1b ^Xh^^ZT^m^U 



1 24 
12 6 
204 
206 
40 1 
402 
403 
404 
40 5 
406 
407 
408 
409 



[HI] 
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(AIGaAs. GaAs&i?) 




✓ 










(GaAsP, InGaAsPJ&if ) 
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650 
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750 



650 
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